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» Nano-DESI Mass Spectrometry experimental setup
B How is data acquired?
B Data structure and its complexities
» MSI QuickView Software Toolkit
B Capabilities
B Web App
» Workflow components that enable ...

B Re-execution and reproducibility of experiments
® ProvEn

B Collaborative querying of experimental data/information
® ELK Stack (Elasticsearch, Logstash, Kibana)
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Data Structure
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MSI QuickView Real Time Visualization GUI
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Clustering : MSI QuickView

3D Visualization GUI : MSI QuickView
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Lanekoff .1.T, Thomas M., and Laskin J.. 2014. "Shotgun Approach for Quantitative Imaging of Phospholipids Using Nanospray Desorption Electrospray lonization
Mass Spectrometry ." Analytical Chemistry 86(3):1872-1880.



Clustering Tool

Classifying High Resolution
Mass-Spectrometry Data

O Classification is one of the fundamental
methodologies for analyzing mass
spectral data.

L Major goals of classifying mass-
spectrometry data include:
« Automatically group compounds
based on their mass spectra.
« To determine correlation between
properties of compounds and their
mass spectra.

O 6 different classes from a single dataset
are shown as an example
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The Workflow
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- Ul Button Clicks Sample snippet from ProvEn text file
- Save provenance Session 1 —USER 1
Load saved provenance, select {*hasApplicationName":"Ms|
datasetsand startworkflow QuickView","@type":"wfpp:Application”,"hasHost":"WE28080
MSIQuickview Real-Time User Interface 11'1i?;d,ﬁ;;‘f;?iﬁ.;';;fﬂm;ﬁm””"e““'""“‘“
MSI QuickView Folder Structure within a dataset
i. \\PNL\Projects\Images\Brain\ 2012 Nicotine brain
e e —— | CDF_Files 1/31/2016 10:30 A..  File folder
P = | delete_mat files 8/3/2016 1121 AM File folder
| HDF Files 7/5/2016 402PM  File folder
| Images 8/3/2016 11:21 AM  File folder
| Proven ==p 7/4/2016 3:34 PM File folder
= o o o » d_nicOLRAW 6/12/2012 11:32 A.. RAW File 28578 KB
» d_nicO2.RAW 6/12/2012 11:41 A.. RAW File 28,569 KB
» d_nicO3.RAW 6/12/2012 1211 PM RAW File 28,287 KB
: » d_nicO4.RAW 6/12/2012 1221 PM  RAW File 27,218 KB
i » d_nicOS.RAW 6/12/2012 1231 PM  RAW File 28,558 KB
: : | Diary.tat 8/9/2016 4:01 PM Text Document 2 KB
- 0 ] W I 096f-4ded-beof-f8eB2ae622a8_ProvenanceMessage"} I

Session 2 — User 2

{"hasApplicationName":"MS|

QuickView"," @type":"wipp:Application”,"hasHost":"WE28080
" @id""wfpp:null_Application”,"hasApplicationVersion™:"1.0
","hasProcess"."8652"},"aspectRatio""4,8", "date":"03/08/201
a3~}
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What does the provenance message look like?
{"@context":{"hasApplicationName":{"@type":"xsd:string"," @id":"wfpp:hasApplicationName"},"mzPlotVals":{" @type":"xsd:string"," @id":"msiquickview:mzPlotVals"},"scalelmageValues":{" @type":"xsd:string"," @i
d":"msiquickview:scalelmageValues"},"proven":"http://provenance.pnnl.gov/ns/proven#","applyChangesToAllimages":{" @type":"xsd:string"," @id":"msiquickview:applyChangesToAlllmages"},"hasApplication":{" @
type":"@id","@id":"wfpp:hasApplication"},"aspectRatio":{" @type":"xsd:string"," @id":"msiquickview:aspectRatio"},"hasApplicationVersion":{" @type":"xsd:string"," @id":"wfpp:hasApplicationVersion"},"date":{" @t
ype":"xsd:string"," @id":"msiquickview:date"},"interpolatedDataValues":{" @type":"xsd:string"," @id":"msiquickview:interpolatedDataValues"},"savelmage":{" @type":"xsd:string"," @id":"msiquickview:savelmage"},

"normalizeData":{" @type":"xsd:string"," @id":"msiquickview:normalizeData"},"redolmage":{" @type":"xsd:string"," @id":"msiquickview:redolmage"},"redolmageExcelfileName":{" @type":"xsd:string"," @id":"msiqui
ckview:redolmageExcelfileName"},"dpiVal":{" @type":"xsd:string"," @id":"msiquickview:dpiVal"},"wfpp":"http://wfpp.pnnl.gov#","colorMap":{" @type":"xsd:string"," @id":"msiquickview:colorMap"},"removeLines":{

"@type":"xsd:string","@id":"msiquickview:removeLines"},"mzPlotValsThresh":{" @type":"xsd:string"," @id":"msiquickview:mzPlotValsThresh"},"folderLocation":{" @type":"xsd:string"," @id":"msiquickview:folderLoc
ation"},"updateTime":{"@type":" ":"xsd:string"," @id":"msiquickview:numRawfFiles"},"redolmageExcelSheetName":{" @type":"xsd:string"," @id":"msiqui

xsd:long"," @id":"wfpp:updateTime"},"numRawFiles":{" @type":
ckview:redolmageExcelSheetName"},"uniquelD":{" @type":"xsd:string"," @id":"msiquickview:uniquelD"},"mzRange":{" @type":"xsd:string"," @id":"msiquickview:mzRange"},"redolmagePDFno":{" @type":"xsd:string"
,"@id":"msiquickview:redolmagePDFno"},"alignImage":{" @type":"xsd:string"," @id":"msiquickview:alignimage"},"scientistName":{" @type":"xsd:string"," @id":"msiquickview:scientistName"},"redolmageExcelmzRo
ws":{"@type":"xsd:string"," @id":"msiquickview:redolmageExcelmzRows"},"includeAxisimageSave":{" @type":"xsd:string"," @id":"msiquickview:includeAxisImageSave"},"rawStartNo":{" @type":"xsd:string"," @id":"
msiquickview:rawStartNo"},"datasetName":{" @type":"xsd:string"," @id":"msiquickview:datasetName"},"exportPixelsValsToExcel":{" @type":"xsd:string"," @id":"msiquickview:exportPixelsValsToExcel"},"msiquickvie
w":"http://msiquickview.pnnl.gov#","hasProvenance":{"@type":"@id"," @id":"proven:hasProvenance"},"xsd":"http://www.w3.0rg/2001/XMLSchema#","hasHost":{" @type":"xsd:string"," @id":"wfpp:hasHost"},"im
agelistToSave":{"@type":"xsd:string","@id":"msiquickview:imageListToSave"},"notes":{" @type":"xsd:string"," @id":"msiquickview:notes"},"saveSettings":{" @type":"xsd:string"," @id":"msiquickview:saveSettings"},"
hasProcess":{" @type":"xsd:integer"," @id":"wfpp:hasProcess"}}," @type":"proven:ProvenanceMessage","hasProvenance":{"mzPlotVals":"null","scalelmageValues":"null,
null","applyChangesToAlllmages":"1","hasApplication":{"hasApplicationName":"MSI
QuickView"," @type":"wfpp:Application","hasHost":"WE28080"," @id":"wfpp:null_Application","hasApplicationVersion":"1.0","hasProcess":"8652"},"aspectRatio":"5,
10","date":"06/12/2012","interpolatedDataValues":"2, 2","savelmage":"null","normalizeData":"1, ,
" "redolmage":"C://Users//thom991//Desktop//MSI_testData//","redolmageExcelfileName":"Class_List.xIs","dpiVal":"null","colorMap":"16","removelLines":"null","mzPlotValsThresh":"null","folderLocation":"C://U
sers//thom991//Desktop//MSI_testData//testsetl//","updateTime":"1467671381","numRawFiles":"5"," @type":"msiquickview:Start","redolmageExcelSheetName":"2","mzRange":" 140,
1980","uniquelD":"enter_scaling_values_Callback(hObject,eventdata,handles), close_multiple_mz_panel_Callback(hObject,eventdata,handles), popupmenu_for_colormap3d_Callback(hObject,eventdata,handles),
start_Callback(hObject,eventdata,handles), apply_manipulations_to_all_images_Callback(hObject,eventdata,handles), redo_for_new_ranges_Callback(hObject,eventdata,handles),
submit_prov_Callback(hObject,eventdata,handles)","redolmagePDFno":"1","alignimage":"null","scientistName":"Julia Laskin","redolmageExcelmzRows":"1,
6","includeAxisimageSave":"null","rawStartNo":"null","datasetName":"Mouse Brain
Nicotine","exportPixelsValsToExcel":"null"," @id":"msiquickview:da39a3ee5e6b4b0d3255bfef95601890afd80709_Start","imageListToSave":"null","notes":"Imaging mass spectrometry offers simultaneous spatially
resolved detection of drugs, drug metabolites, and endogenous substances in a single experiment. This is important when evaluating effects of a drug on a complex organ system such as the brain, where there is a
need to understand how regional drug distribution impacts function. Nanospray desorption electrospray ionization, nano-DESI, is a new ambient technique that enables spatially resolved analysis of a variety of
samples without special sample pretreatment. This study introduces an experimental approach for accurate spatial mapping of drugs and metabolites in tissue sections by nano-DESI imaging. In this approach, an
isotopically labeled standard is added to the nano-DESI solvent to compensate for matrix effects and ion suppression. The analyte image is obtained by normalizing the analyte signal to the signal of the standard in
each pixel. We demonstrate that the presence of internal standard enables online quantification of analyte molecules extracted from tissue sections. lon images are subsequently mapped to the anatomical brain
regions in the analyzed section by use of an atlas mesh deformed to match the optical image of the section. Atlas-based registration accounts for the physical variability between animals, which is important for data
interpretation. The new approach was used for mapping the distribution of nicotine in rat brain tissue sections following in vivo drug administration. We demonstrate the utility of nano-DESI imaging for sensitive
detection of the drug in tissue sections with subfemtomole sensitivity in each pixel of a 27 ?m x 150 ?m area. Such sensitivity is necessary for spatially resolved detection of low-abundance molecules in complex
matrices.","saveSettings":"null"}," @id":"proven:9e3df2de-096f-4de4-bcof-f8e82ae622a8_ProvenanceMessage"}
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Notes

Imaging mass spectrometry offers simultansous spatially resolved
detection of drugs, drug metabolites, and endogenous substances in a
single experiment. This is important when evaluating effects of a drug
on a complex organ system such as the brain, where there is a need to
understand how regional drug distribution impacts function. Nanospray
desorption electrospray lonization, nano-DESI, 15 a new ambient

Lung inmaturity 1s a major cause of morbidity and martality in
prenature infEnts. How To promote maturation of the under-developed
TungsTLipids play crucial roles in energy balance, intercellular
communication, membrane dynamics, In Tung, it is the primary component
of pulmonary surfactant. Mo global omics analysis of 1ipids during lung
development has been reported.

SPECTRUM - M5, S1ide 2 center tissue spectrum.raw, FTMS + p NSI Full ms
[100.00-2000.00], Scan #@ 70-108, RT: 2.47-3.71, Av: 39,

Lung immaturity is a major cause of morbidity and mortality in
premature infants. How To promote maturation of the under-developed
Tungs?Lipids play crucial roles in energy balance, intercellular
comnunication, membrane dynamics, In Tung, it 1% the primary component
of pulmonary surfactant. No global omics analysis of 1ipids during Tung
development has been reported.

SPECTRUM 5lide 2 center tissue spectrim.raw, FTMS + p NSI Full ms
[100.00-2000.00], Scan #: 70-108, RT: 2.47-3.71, A 19,

Lung inmaturity is a major cause of morbidity and mortality in
premature infants. How to promote maturation of the under-developed
lungs?Lipids play crucial roles in energy balance, intercellular
comnunicatian, membrane dynamics, In lung, 1T is the primary component
of pulnonary surfactant. No global omics analysis of 1ipids during Tung
development has been reported,

SPECTRUM - M5, 5Tide 7 center t ue spectrum.r
[100.00-2000.00], Scan #: -108, R’ 2.47-3.71,

FTMS + p NST Full ms
39,

Scientist Mame, Dataset Name, Motes, Folder Location, m/z list. m/z list file name and sheet name, # of raw files per datasetD 23 hits

Folder Location

c:
PAMSI_Test
Tl

a\testse

pYMSI_testhata)testse

C:'Users)thomadl'\Deskto

pYMSI_testData\testse
T,

C:iUsersithomadl \Deskto

phMSI_testData'\testse
T,

PY\M5I_testDat
T

\testse

Ciusersithomasl\peskto

phMSI_testDatatestse
=8

Users' thom$sibeskto

Users' thomd91\Deskto

Users' thomasl\Deskto

User Selected m/z list to save

133,
138,

143, 144, 145, 146, 147,

80,
86,
3z,
3B,

4, 5, &,

10, 11, 12, 13,
s 18, 18,
134, 135, 138,
139, 140, 141,

65,

81,
&7,
93,
3,

14,
20,
137,
14z,

miz Excel File m/z Excel File Sheet Name
class_List.xls 2
Class_List2.xls 2

Tungmap
Class_List.x1s 2
Class_List.x1s 3
Class_List2.x1s 2
class_Li 3
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How is this helping ...

» MSI QuickView
B Near-real time analysis
B Visualization and Analysis on normal laptops

» ProvEn
B Experimental reproducibility
B Re-executable workflows

» ELK Stack
B Openly available
B Breaks down complex information
B Tailored information representation
B Querying capabilities

August 18, 2016 14
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» Extend MSI QuickView to multi-modal datasets
O Liquid extraction surface analysis (LESA)
[ Electrochemical Microscopy
[ Flourescence Microscopy
L Hyperspectral Microscopy

» Port current desktop application capabillities to the web application

» Automate metadata capture workflow for new datasets into the ELK stack

» Investigate the use of ProvEn Platform as a message database

August 18, 2016 15
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